Objectives: Equity in financial protection against healthcare expenditures is one the primary functions of health systems worldwide.
INTRODUCTION
Ensuring access to necessary healthcare for all individuals without financial barriers remains a major public health concern in all countries, regardless of their level of development pISSN 1975-8375 eISSN 2233-4521 [1] [2] [3] [4] . Protection against the financial burden of ill health is considered to be one of the primary objectives of all health systems throughout the world [5] . Lack of financial protection against unpredicted and expensive healthcare services can potentially lead to catastrophic healthcare expenditures (CHE) and household impoverishment. CHE has widely been defined as out-of-pocket (OOP) payments for healthcare exceeding "40% of (a household's) capacity to pay" [6] . Reducing the prevalence of CHE is an important health policy challenge in all countries, including Iran [1, 7] .
More than 44 million households experience CHE throughout the world annually [8] . Most of these households are in developing countries, where OOP payments comprise the main resource of healthcare financing [9, 10] . A comprehensive
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analysis of 183 countries reported that the proportion of OOP payments in total health spending throughout the world and in high-income countries, upper-middle income countries, lower-middle income, and low-income countries was 22.8%, 13.9%, 33.8%, 58.0%, and 29.1%, respectively [11] .
The healthcare system in Iran is financed by multiple resources, including government health spending, prepaid private spending, and OOP payments. Approximately 48% of total healthcare expenditures in Iran are financed by OOP payments [9] . The substantial share of OOP payments of total healthcare spending in Iran results in a higher probability of exposure to CHE for households. A meta-analysis study by Rezaei et al. [12] found that approximately 7% of households face CHE in Iran, even though Iran's Fourth and Fifth Five-Year Developmental Plan act, in its 90th article, indicates that reducing the percentage of households exposed to CHE to 1% is one of the main objectives of the health care system.
Exposure to CHE varies across socioeconomic segments of a population, and its prevalence varies among and within countries [2, 13] . Previous studies [1, [14] [15] [16] [17] [18] [19] indicated that factors such as socio-demographic variables, health utilization, and economic status were the main determinants of exposure to CHE among households. For example, a study by Hajizadeh and Nghiem [13] in Iran indicated that low socioeconomic status (SES) of households was one of the main factors increasing the probability of facing CHE for hospital services.
Although to date, some research [15] has investigated socioeconomic-related inequality in facing CHE among households in different regions of Iran, socioeconomic inequalities in CHE in Iran and across its provinces are poorly understood. To fill this gap in the literature, this study aimed to measure the extent of socioeconomic inequality in CHE and identify the main factors that explain this inequality in Iran.
METHODS

Study Setting
Iran is a low-middle-income country located in the eastern Mediterranean region, with an area of 1 648 000 km 2 . Based on 2016 census data, the population of Iran was approximately 80 million people, living in 31 provinces.
Data, Sampling Method, and Variables
Data were drawn from the 2017 Iranian Household Income and Expenditure Survey (IHIES). The IHIES is an annual income and expenditure survey conducted by the Statistical Center of Iran (SCI) in all 31 provinces of Iran. The unit of analysis in the survey is the household, and face-to-face interviews with heads of households are used to complete a detailed questionnaire about the income and expenditures of households throughout the year. The survey collects information on the socio-demographic characteristics of household members, the household's assets and living facilities, food and non-food spending, and household income. Non-food expenditures of households also include all spending for outpatient and inpatient care, dental care, paramedical care, informal payments, drugs, and health insurance premiums. A multistage sampling with geographical stratification was used to select households by the SCI. A total of 37 860 households were included in the IHIES.
The outcome variable of interest in the study was a binary variable indicating whether or not a household faced CHE. As suggested by Xu et al. [17] , the capacity to pay (CTP) of the household was used to determine the CHE. If the total health spending of a household equalled or exceeded 40% of its monthly CTP, the household was categorized as having faced CHE. Based on the literature [15, 17, 20] , the effective income (in our study we used total expenditures as a proxy for total income) minus basic subsistence needs adjusted for household size was defined as household's CTP. More details about the calculation of CHE can be found elsewhere [21, 22] .
Household size; age, sex, and educational status of the head of household; having a senior member (over 65 years) or a child member (5 years or younger) of the household; residential place of the household (rural vs. urban); province; health insurance coverage; use of inpatient care, dental care, and outpatient care; and the wealth index of the household were analyzed as determinants of CHE in Iran. Principal component analysis (PCA) was used to construct the wealth index of each household [23, 24] . To calculate the wealth index, the number of rooms per capita, type of house ownership, house size (in square meters), car ownership, and ownership of other goods (such as color TV, Internet, computers/laptops, cell phones, freezers, dishwashers, microwaves, vacuum cleaners, motorcycles, bicycles, etc.) were entered in the PCA. Based on the wealth scores obtained from the PCA, all households were grouped into 5 SES groups, from the poorest (first SES quintile) to wealthiest (fifth SES quintile). Table 1 presents descriptions of the variables used in the study. 
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Statistical Analysis
The concentration curve and the concentration index (C) [25] [26] [27] were used to examine socioeconomic inequality in facing CHE among households in Iran. We also used the decomposition method to identify the main explanatory variables of the observed socioeconomic-related inequality in CHE. The concentration curve is a graph that depicts the cumulative percentage of a health outcome (CHE) on the y-axis against the cumulative percentage of the population ranked by an SES-related variable on the x-axis. If the concentration curve lies above the line of perfect equality (the 45° line), the health outcome variable is more prevalent among the poor, and vice versa for the rich. The C is defined as twice the area between the concentration curve and the line of perfect equality. If the sign of C is negative, the health outcome is more concentrated among the poor, and vice versa for the rich. Since the outcome variable in the study, CHE, is binary, the minimum and maximum of the C were not -1 and +1, respectively. To overcome this issue, we normalized the C, as suggested by Wagstaff [26] , by multiplying the estimated C by 1⁄(1-μ).
The C was decomposed to compare the extent to which the observed determinants of CHE contributed to the socioeconomic inequality in CHE in Iran [28] . Suppose we have a regression model linking our CHE variable, , to a set of explanatory fac- 
The C for CHE can be decomposed as follows: (2) where C is the value of C for CHE, is the mean of the explanatory variables , is the value of C for , defined similarly to C, and is the elasticity of CHE with respect to the explanatory variable . Then, is the contribution of explanatory factor to the overall C for CHE. The last component, , is the absolute concentration index for residuals, which indicates the unexplained portion of the overall C. By multiplying both sides of equation 2 by 1⁄(1-μ), we can decompose the normalized concentration index, , as:
As CHE is a binary variable, we used marginal effects obtained from a logit model as in the decomposition analysis. All analyses were performed in Stata version 14.2 (StataCorp., College Station, TX, USA).
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RESULTS
Descriptive Results
The descriptive characteristics of the respondents included in the study are presented in Table 1 . A total of 37 860 respondents were included in the study. The majority of households (86.1%) were headed by males. The average age of the heads of households was 51.6 years (standard deviation [SD], 15.5). Households were equally distributed by geographic area (49.3% in urban vs. 50.7% in rural areas). The average total monthly household expenditures, healthcare expenditures, and food expenditures were 18.80 million (SD, 16.10), 1.97 million (SD, 3.64), and 5.51 million (SD, 5.51) Iranian rials, respectively.
On average, 5.26% (95% confidence interval [CI], 5.04 to 5.49) of households faced CHE in Iran in 2017. There was high variation across provinces in the prevalence of CHE in Iran. While fewer than 1% of the households of Kohgiluyeh and Buyer-Ahmad Province faced CHE in 2017, this figure was as high as 10% in Golestan Province. As demonstrated in Figure 1 , the proportion of households facing CHE was greater in Semnan, Khuzestan, Lorestan, Fars, and Golestan Provinces than in other provinces.
Our study indicated that the percentage of urban and rural households facing CHE was 4.02% (95% CI, 3.74 to 4.31) and 6.46% (95% CI, 6.12 to 6.82), respectively. The prevalence of CHE varied by individuals' SES. While the proportion of CHE among the poorest households was 7.73% (95% CI, 7.14 to 8.35), the corresponding proportion for the wealthiest households was 3.37% (95% CI, 2.98 to 3.80).
Socioeconomic Inequalities in Catastrophic Health Expenditures
As illustrated in Figure 2 , the concentration curve for CHE lay above the line of perfect equality, suggesting a higher concentration of CHE among socioeconomically disadvantaged households. The negative value of the estimated for CHE (-0.17; 95% CI, -0.19 to -0.13) also indicated a higher prevalence of CHE among the poor. The estimated values of the for urban (-0.16; 95% CI, -0.20 to -0.12) and rural (-0.16; 95% CI, -0.19 to -0.13) areas also highlighted higher concentrations of CHE among the poor. Table 2 reports the marginal effects, elasticity, and the C of determinants and the contribution of determinants to the . Based on the marginal effects of the explanatory variables, older age of the head of household was associated with a higher probability of facing CHE. Compared with male-headed households, female-headed households had a 0.3% higher probability of facing CHE. Household size was associated with a lower probability of facing CHE. A higher wealth index of the household was negatively associated with the probability of facing CHE (e.g., compared to the poorest SES quintile group, the wealth SES quintile had a 3.2% lower probability of facing CHE). The probability of facing CHE was higher for households living in rural areas and with health insurance coverage. Utilization of inpatient care, outpatient care, and dental care in the household was associated with 5.0%, 1.9%, and 5.1% higher probabilities of facing CHE, respectively. The C of the explanatory variables suggested that femaleheaded households, households headed by older adults, households with illiterate heads, and households with a senior member (65 years and older) were less wealthy in Iran. In contrary, households in rural areas, with health insurance coverage, with a recent history of utilizing healthcare services (e.g., inpatient, outpatient, and dental care), with a child aged 5 years and younger, and with a larger household size were relatively wealthy.
Decomposition of Socioeconomic Inequalities in Catastrophic Health Expenditures
The results of the contributions of the explanatory variables suggest that the wealth index of households, itself, made a significant negative contribution to the observed socioeconomic inequality in CHE in Iran. In other words, lower values of the wealth index were responsible for increasing the concentration of CHE among worse-off households in Iran. Although other socio-demographic factors, such as a female or senior head of household, a larger household size, and having senior members also made negative contributions to the , the percentage contributions of these factors to the observed socioeconomic inequality in CHE was not significant. In contrast, the residential variable made a positive contribution to socioeconomic inequality in CHE.
DISCUSSION
Protection against CHE is defined as one of the main objectives of health systems in all countries. In low-income and middle-income countries such as Iran, where OOP payments are the main source of healthcare funding, protection of households against CHE is a major public health and political concern. In this study, for the first time, we aimed to measure and decompose socioeconomic inequality in CHE among Iranian households using the concentration index approach.
Descriptive statistics revealed that 5.3% of households in Iran faced CHE in 2017. The proportion of households with CHE in urban and rural areas was 4.0% and 6.5%, respectively. We observed variation in households facing CHE across Iranian provinces, from 0.4% in Kohgiluyeh and Buyer-Ahmad Province to 9.6% in Golestan Province. Other studies have also pointed out regional differences in the prevalence of CHE in Iran [29] . The results of our study indicated that CHE was concentrated among poor households in Iran. This finding is consistent with previous studies [30, 31] conducted in Iran and other countries. A study conducted by Kavosi et al. [15] also found a higher concentration of CHE among the poor in Tehran in 2008.
Our regression analysis showed that the wealth index of households in Iran was a factor that protected them from fac- ing CHE. This result is similar to those of other studies conducted worldwide [32] [33] [34] . Since poor households have a lower capacity to pay, the burden of OOP payments has a significant impact on the poor. In addition to the effects of the wealth index of households, households headed by older adults or women, with health insurance coverage, with a senior member in the household, with a recent history of healthcare utilization (e.g., inpatient, outpatient, and dental care), and living in a rural area showed a positive association with CHE. A study conducted in Turkey also demonstrated that living in a rural area and having an elderly or disabled person in the household were highly related to CHE [21] . A study in Kerman Province (in southeastern Iran) revealed that living in a rural area and using health services increased the probability of facing CHE [16] . A positive association between having health insurance coverage and facing CHE has also been re-ported in previous studies. For example, a study in China by Wagstaff and Lindelow [35] indicated that, compared to uninsured people, individuals with health insurance coverage had a higher probability of facing CHE. The latter study concluded that having health insurance may encourage individuals to receive healthcare services when they become sick and to receive these services from expensive providers. Our decomposition analysis indicated that the wealth index of households, independently from other factors, made a negative contribution to the concentration of CHE among socioeconomically disadvantaged households. In other words, the wealth index of households increased the concentration of CHE among poorer households. This latter finding is similar to a study conducted by Kavosi et al. [15] , which showed that the majority (83%) of the observed socioeconomic inequality in facing CHE in Tehran, Iran, was determined by households' economic status.
The present study is subject to some limitations that should be considered in the interpretation of the findings. First, as this was a cross-sectional study, we were unable to establish any causal relationship between facing CHE and its determinants. Self-reported household expenditures are prone to recall bias. Nonetheless, to summarize, this study revealed a higher concentration of CHE among socioeconomically disadvantaged households in Iran and its provinces. Thus, health policies such as reducing OOP payments for healthcare should focus on poor households in Iran to reduce socioeconomic inequality in facing CHE.
